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Micronutrient concentrations are reduced postpartum and folate levels in particular may take some months to recover. 3, 7, 8 It is therefore plausible that infants conceived soon after the birth of their older sibling are exposed to low levels of folate and other nutrients in utero. Few studies however have examined the relationship between inter-pregnancy interval and micronutrient levels, and findings from these have been inconsistent. 9 A previous study found that individuals born within 15-20 months of their preceding sibling had elevated risk of developing schizophrenia compared with those born after intervals of 45 months or more. 10 In this study we also examine the relationship between length of the preceding birth interval and risk of schizophrenia.
Method
The cohort comprised 777 832 people born in Sweden (1973 Sweden ( -1980 and still resident there at age 16. Information was obtained from linkage between the medical birth registry, the population and housing census (1990) and the cause of death and emigration registers. Diagnoses of schizophrenia (ICD-10 11 (1997) (1998) (1999) (2000) (2001) (2002) ) code F20; ICD-9 12 (1987-1997) code 295, except 295F and 295H) were identified through linkage with the in-patient discharge register (up to 31 December 2002). For the purposes of the current analysis, 13 258 (1.7%) multiple births and 401 623 (51.6%) only children were excluded, leaving a total of 362 951 individuals. Of these, 11 263 (3.1%) were excluded because of missing data.
The pre-birth inter-pregnancy interval was defined as the amount of time between the date of delivery for the immediately prior pregnancy and the date of conception (approximated on the basis of date of delivery and gestational age) for the index pregnancy, and categorised as follows: 46 months; 7-12 months, 13-24 months, 25-36 months and 437 months. The baseline group was the 13-24 months inter-pregnancy interval, as it may take up to 1 year for maternal folate levels to return to pre-pregnancy levels. 8 We also examined the association with the post-birth inter-pregnancy interval, defined as the time between the index birth and conception of the subsequent live birth. The hypothesis regarding folate depletion would apply only to the pre-birth interval. We controlled for gender, calendar year, parental age, parental socioeconomic status, place of birth, obstetric complications (Caesarean section or uterine atony), birthweight, length of gestation, history of psychosis in parents or siblings, family size, and birth order. First-borns were excluded from analyses of pre-birth inter-pregnancy interval (167 767 excluded leaving 183 921) and last-borns from analyses of post-birth inter-pregnancy interval (168 831 excluded leaving 182 857). All statistical analysis was performed with Stata Release 11.0 for Windows. We used Cox's proportional hazards models to assess the influence of inter-pregnancy interval on schizophrenia before and after adjustment for confounders. People were censored at whichever of the following occurred first: time of first admission for schizophrenia, death, emigration or 31 December 2002. We used the cluster option in Stata to adjust standard errors for clustering of cases within families. We tested the validity of the proportional hazards assumption graphically.
Results
Of the 183 921 people included in the final analysis, 164 were diagnosed with schizophrenia. Schizophrenia rates varied with the preceding birth interval (Table 1) . Those born with shorter inter-pregnancy intervals had a higher risk of schizophrenia. The hazard ratio for developing schizophrenia if the inter-pregnancy interval prior to conception was 56 months v. 13-24 months was 3.29 (95% CI 2.00-5.41, P50.001), and 1.96 (95% CI 1.27-3.05) when the inter-pregnancy interval was 7-12 months.
Adjusting for gestational age, birth order, paternal age and obstetric complications made no difference to the results and these factors were excluded from the final model. Children born after shorter inter-pregnancy intervals tended to be from larger families, be born in earlier calendar years, have younger parents with lower income and socioeconomic position, and were more likely to have a family history of psychosis (online Table DS1 ). Adjusting for these variables attenuated the associations observed. The adjusted hazard ratio for pre-birth inter-pregnancy interval 56 months was 2.62 (95% CI 1.5-4.57, P50.001) and 1.78 (95% CI 1.14-2.80) when the interval was 7-12 months.
This association between inter-pregnancy interval and schizophrenia risk was not apparent for the post-birth interval.
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The adjusted odds ratio if the post-birth interval was 56 months was 0.73 (95% CI 0.38-1.40, P = 0.28).
Discussion
Individuals conceived within 1 year, and especially within 6 months of the date of delivery for the preceding pregnancy, had an increased risk of developing schizophrenia compared with longer inter-pregnancy intervals.
Women who conceive following a short inter-pregnancy interval differ on a number of characteristics that could influence risk of schizophrenia, compared with women with longer intervals. Adjustment for confounders attenuated the associations we observed by approximately 30%. Although residual confounding remains possible, the pattern of increasing risk of schizophrenia in those with short pre-birth inter-pregnancy intervals was not observed in those with short post-birth intervals. This argues against residual confounding being a satisfactory explanation for our findings, and lends support to the hypothesis that pre-conception maternal folate reserves may play a causal role in the aetiology of schizophrenia.
Our findings are consistent with previous research in this area, 10 while shorter inter-pregnancy intervals have also been associated with autism 13 and other adverse outcomes including neural tube defects. 3, 4 The period immediately following the birth of a preceding pregnancy may be a particular period of risk where depleted maternal nutrient reserves could affect neurogenesis during early fetal development. For example, folate deficiency affects DNA synthesis, repair and methylation, and can alter expression of genes that regulate neurodevelopment. 5 In keeping with this, raised homocysteine levels that occur secondary to folate deficiency and polymorphisms in the MTHFR gene that influences folate metabolism have both been associated with schizophrenia. 6 Alternative explanations for our findings include depletion of other micronutrients (e.g. iron or vitamin D deficiency 14, 15 ), and increased maternal stress levels that might be greater for shorter prior pregnancy intervals. 9 Further study in this field, for example of long-term effects of specific micronutrient depletion on neurodevelopment in animal models, may provide important insights into the aetiology of schizophrenia.
If micronutrient deficiency is established as the causal mechanism for our findings, this would support the promotion of dietary supplements in the postpartum period as well as periconceptually, 3 particularly in low-and middle-income countries where shorter inter-pregnancy intervals are more common.
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